Microgrooved topographical surface directs tenogenic lineage specific differentiation of mouse tendon derived stem cells.
Tendon derived stem cells (TDSCs) are the endogenous cell source for tenocyte turnover and tendon functional maintenance. They are also the important cell source for tendon engineering and regeneration. In addition, TDSCs also play an important role in tendinopathy via their non-tenogenic lineage differentiation. It has been well demonstrated that cell shape could determine mesenchymal stem cell (MSC) lineage differentiation. In this study, a parallel microgrooved polydimethylsiloxane (PDMS) membrane (10 µm groove width and 3 µm depth) was employed to investigate the role of cell elongation via this particular topographic surface in directing murine TDSC (mTDSC) lineage differentiation. The results showed that elongated mTDSCs exhibited significantly enhanced the gene expression of tenogenic markers when compared to the spread cells that grew on smooth PDMS membrane including tenomodulin, scleraxis, collagens I, III, and VI, decorin and tenascin (p < 0.05). Meanwhile, stemness related genes such as Nanog, Sox2 and Oct4 were significantly inhibited for their expression in elongated mTDSCs (p < 0.05). When under tri-lineage induced differentiation, cell elongation significantly inhibited mTDSC differentiation towards chondrogenic and adipogenic lineages (p < 0.05). Furthermore, cell elongation could significantly inhibit mTDSC osteogenic lineage differentiation (p < 0.05) induced by BMP-2, a tendinopathy mimicking stimulant. In conclusion, simulation of native tendon structure via using parallel microgrooved topography can promote mTDSC differentiation specifically towards tenogenic lineage and prevent non-tenogenic lineage differentiation, providing an insight into the design of tendon regenerative materials.